Atomic coordinates of E. Coli tRNAy"' have been generated from the X-ray crystal structure of Yeast tRNAPhe by base substitution followed by idealization. The NMR spectrum of E. Coli tRNAy' was then calculated using these coordinates and ring current calculations. The similarity between the calculated and observed NMR spectra of this tRNA gives credence to the procedure used previously to compare the solution and X-ray crystal structure of Yeast tRNAPhe and further suggests a strong similarity between the structures of Yeast tRNAPhe and E. Coli tRNAy I a both in solution and in the crystal. The results presented here indicate that a combination of NhlR and atomic coordinates generated from a tRNA model may be a powerful procedure for determining three dimensional structure of a tRNA in solution.
Introduction
Employing three dimensional X-ray crystal structure information of macromolecules as an aid in understanding the biological functions in solution can be done reliably only when independent evidence confirms that the crystal structure corresponds to the predominant structure in solution. Approaches to obtaining such evidence include measuring reactions in the crystal and in solution [i ] as well as apptying spectroscopic techniques such as fluorscence to probe the characteristics of particular functional groups in both the crystal and solution [2] .
Of the spectroscopic techniques, proton NMR is one of the most sensitive and most general in that it can monitor the immediate environment of each proton in the molecule. In theory, therefore, an NMR spectrum calculded from atomic coordinates of an X-ray crystal structure could be directly compared with a measured NMR spectrum of the molecule in * Permanent address: Department of Physics, University of Maine. Orono. Maine, USA.
solution. Similarity between the observed and calculated spectrum would indicate the similarity between the solution and crystal structures.
The calculations of NMR spectra, however, pose significant problems since all parameters which influence the chemical shift of a nucleus are not accurately known and difficult to determine_ In nucleic acids this problem is somewhat simplified in that the ring currents arising from the aromatic rings of the individual bases provide the dominant influence in determining the proton chemical shifts. All other shift mechanisms. in diamagnetic systems, with the exception of electric fields generate shifts on the order of 10% of those generated by the ring currents and, in first approximation, may be neglected. Electric fields are important for proteins containing a-helical regions buried in the interior. However, it is urdikely that such fields develop in t RNA.
With these assumptions we have recently compared the X-ray crystal structure of Yeast tRNAPhe with its solution structure by calculating the NMR spectrum from the atomic coordinates of the crystal structure [3] taking into account only ring current shifts [4] . The resulting spectrum agreed remarkably well with the solution spectrum. ppm. This suggests that the s4U-A reversed Hoogstein hydrogen bonded proton resonance is offset to lower field than a standard AU reversed Hoogstein resonance. Thus using an offset of -15. 45 ppm, 
Expected accuracy of the NMR spectrum calculation
The assumption that the structure of E. Coli tRNAya' is essentially the same as that of Yeast tRNAPhe forms the foundation of the experiments presented above. While this is a reasonable assumption it should be realized that any errors either in the X-ray crystal structure of Yeast tRNAPh" or ring currents or offset parameters will probably be carried over to the calculated spectrum for the E . Coli tRNAvd 1 structure. Therefore, no more accuracy should be expected from the calculated compared with observed spectra of E. Coli tRNAV"' than was initially present in the Yeast tRNAPhe NMR spectra [4] . This is reflected in the rms error of 0.1 ppm between the calculated and observed resonance position in the spectra of E. Coli tRNAyd as compared to 0.05 ppm between those of Yeast tRNAphe_ In this regard it is worth noting that in the calculated spectrum of Yeast tRNAPhe the resonance which deviated mast from its position in the observed spectrum was that of AU 12 (see resonance at -14.05 ppm, fig. 3a, spectrum b) . Likewise in the present calculated spectrum of E. Coli tRNA\;" the resonance for AU 12 is predicted at too low a field position (see fig. 2 ). Furthermore we pointed out that a small adjustment in the DHU arm could well alter the positions of GC 11, AU 12 and GC 13 bringing the calculated spectrum of Yeast tRNAPhe into much closer alignment with the observed spectrum [4] -A similar adjustment in the case of the E. Co6 tRNA';'" coordinates might have an analogous effect on the calculated spectrum presented above. Since a number of bases in the DHU arm and loop region are involved in tertiary structure interactions it is entirely possible that: (i) the solution structure in this region is slightly different from that seen in the crystal or (ii) some minor adjustment in the X-ray coordinates might be necessary which would still be within the Iimits of the electron density contours_ Experiments are in progress to discriminate between these two options. A second reason for an increase in the rms error for the calculated versus observed resonance positions in the spectra presented above would be that there are small bxt real differences between the structures of Yeast tRNAPhe and by this approach in order to test the feasibility of such a procedure.
